INTRODUCTION
Tuberculosis (TB) is one of the most serious infectious diseases. In 2013, roughly 9 million new patients were positive for TB worldwide, leading to 1.5 million deaths. TB also ranks highest among all infectious diseases in mortality world-www.irjournal.org prevalent in Western nations, and their incidence has been increasing steadily in Korea. 5 Anti-TNF-α antibody is widely used to treat patients with IBD. 6, 7 However, adverse effects related to anti-TNF therapy, such as infusion reactions, nervous system abnormalities like demyelinating disease, autoimmune reactions including lupus symptoms, and infections such as TB may develop. 8, 9 Among these, the most significant problem from the clinical perspective is the increased risk of TB. Particularly in Korea, where the prevalence of TB is still high, there is great interest in the occurrence of TB during anti-TNF therapy.
We retrospectively reviewed and analyzed the incidence and clinical features of IBD cases that developed active TB during anti-TNF therapy among patients in 6 academic hospitals.
METHODS
We distributed questionnaires to 6 academic hospitals in Korea and collected data from active TB cases that developed in patients with IBD during anti-TNF therapy for active inflammation and/or fistula treatments from January 2004 to December 2014. Among patients with CD, over 90% were treated with infliximab and adalimumab after February 2007 and April 2010, respectively, when their administration for CD was approved by the Korean Food and Drug Administration (KFDA). For patients with UC, infliximab and adalimumab were most used after October 2010 and July 2013, respectively, due to their approval by the KFDA. We investigated the incidence of active TB, as well as the various clinical features, including patient characteristics, periods from initiation of anti-TNF therapy to the diagnosis of TB, tests used to determine latent TB infection (LTBI), concomitant medications, and the details of TB diagnosis and treatments. This study was conducted under the approval of the Clinical Research Ethics Committee of Chung-Ang University Hospital.
RESULTS

Incidence of Active TB and Patient Characteristics
Active TB developed in 10 patients with IBD during infliximab (n=592) and adalimumab (n=229) therapy. The incidence of active TB was 1.2% (10/821): 1.5% (9/592) and 0.4% (1/229) in patients receiving infliximab with adalimumab, respectively. Their median age at the time of diagnosis of TB was 38 years (range: 19−52), and 8 patients were male (80.0%). Analysis of their medical histories revealed that one patient had ankylosing spondylitis and uveitis; another had diabetes, hypertension, and alcoholic liver cirrhosis. Four patients (40.0%) had a history of smoking, and 1 continued to smoke even after being diagnosed with TB. The median time from the IBD diagnosis to the start of anti-TNF therapy was 85 months (range: 1−148). Of the 10 patients, 6 had taken corticosteroids and/or azathioprine within 1 month before the development of active TB (Table 1) . 
Previous Active TB History and Latent TB
Three patients had histories of previously active TB, which was cured with anti-TB medications. Three patients had Bacillus Calmette-Guerin vaccine cicatrices, 2 did not, and the rest were not examined. A tuberculin skin test (TST) and/or interferon gamma releasing assay (IGRA) were performed in 9 patients to screen for LTBI before anti-TNF treatment. Six patients were examined by TST, 7 by IGRA, and 4 by both methods. They all underwent chest X-ray examinations to screen for pulmonary TB. One patient did not have screening tests for LTBI due to previous treatment history of TB. The TST was positive in 2 patients, while the IGRA was positive in 1 patient ( Table 2 ). Two of the three patients were treated for LTBI with the combined therapy of isoniazid (300 mg) and rifampin (600 mg). Detailed clinical findings of the TB infections in all enrolled patients are listed in Table 3 .
Diagnosis of Active TB
The median time between the start of anti-TNF therapy and TB occurrence was 3 months (range: 2−36) ( Table 4) . Of the 2 patients who received LTBI treatments, 1 developed active TB after 61 days of treatment with isoniazid and rifampin, and had started infliximab 11 days after beginning the anti-TB medications. In the second patient, infliximab was started after isoniazid and rifampin had been administered for 3 months, and active TB developed 18 months later.
Active TB was diagnosed by AFB staining for mycobacteria from tissue or sputum samples (n=7), AFB culture (n=3), TB PCR assay (n=2), or clinically with chest X-rays and CT scans of the thorax and abdomen (n=3). All cases of active TB involved the lungs. Two patients had also extra-pulmonary TB on the mediastinal lymph nodes and peritoneum, respectively. Cough was the most common symptom, followed by fever and sputum (Table 4 ). Fig. 1 shows a representative chest X-ray for the active TB developed in patient with CD. IGRA, interferon gamma releasing assay. 
Anti-TB Treatments
Among all patients included in this study, 9 were treated with isoniazid, ethambutol, rifampin, and pyrazinamide (HERZ) for more than 6 months immediately after the diagnosis of active TB. The other patient was administered cycloserine, prothionamide, and levofloxacin for 20 months after 1 month of HERZ medication, which was discontinued due to the side effects. The median duration of anti-TB treatment was 7 months (range: 6−21), and the active TB was cured in all patients.
Treatments for IBD After TB Treatment
Three patients did not restart treatment with the anti-TNF agents after completing the anti-TB treatments. The remaining 7 patients continued (n=1) or restarted (n=6) anti-TNF therapy. Three of the restarted patients were administered anti-TNF agent upon completion of the anti-TB treatments, while anti-TNF therapy was started before the completion of the anti-TB treatments in the other 3 patients. One patient continued anti-TNF therapy even after the diagnosis of active TB. Among the patients who continued or restarted anti-TNF therapy, no cases of TB recurred.
DISCUSSION
Since the first use of biologic agents in Korea in 2001, anti-TNF therapy has played an important role in treating various chronic inflammatory diseases, including rheumatoid arthritis, ankylosing spondylitis, psoriasis, and psoriatic arthritis. However, recent reports have shown that the risks of TB may increase from 1.6 to 25.1-fold, 10 thus it is mandatory to screen for TB when administering anti-TNF agents and to prescribe anti-TB medication when patients are diagnosed with LTBI. The incidence of active TB during anti-TNF therapy in Korean patients with rheumatic diseases, including rheumatoid arthritis and ankylosing spondylitis, is 1.0%−1.7%. [11] [12] [13] [14] A recent study in South Korea conducted with 873 IBD patients who had undergone anti-TNF therapy reported 25 cases (2.9%) of active TB. 15 In contrast, the incidence in Western countries is 0.1%−0.4%, a much lower rate than that reported in Korea. 16, 17 In our study, the incidence of active TB developed during anti-TNF therapy in patients with IBD was high (1.2%), similar to the incidences reported in other Korean studies. Active TB developed even in patients who had received anti-TB treatments for previous active TB occurrences as well as those who had taken anti-TB medications for LTBI. The most common site of active TB was the lung, and the time interval to the development of active TB from the initiation of anti-TNF therapy was generally short. The symptoms, diagnosis, and response to treatments were not different from those of conventional TB, although our study patients were on a spe- 
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According to the Korean guidelines for TB, patients who are to be treated with anti-TNF agents should first be checked for TB history, contact history with patients with TB, present suspected symptoms of TB, and should undergo a chest X-ray examination. 2, 19 In addition, screening tests for LTBI should be used in accordance with criteria developed for immunocompromised patients using IGRA alone or with an integrated test including IGRA and TST. TST alone is not recommended for testing for LTBI. The integrated test considers patients positive for LTBI if either of the two tests has a positive result; patients are also diagnosed if there is a naturally treated TB lesion on chest X-ray without any anti-TB treatment history, regardless of any LTBI screening test result. Among the patients included in our study, LTBI screening was not conducted systematically. The screening tests were performed on 9 patients among the 10 cases, and 3 had positive TST or IGRA results. Among the 6 patients tested by TST, 2 were not tested by IGRA; among the 7 patients who were tested by IGRA, three were not tested by TST. Both the TST and IGRA show sensitivities of about 80% in screening for LTBI and are known to show lower sensitivities under immunosuppressive conditions. 20 In our study, 6 cases used steroids and/or immunomodulators concomitantly. Therefore, the TST or IGRA results might have resulted in false negatives, especially in patients who were not simultaneously assessed using the other test. 21, 22 Accordingly, the Korean guidelines for TB recommend an integrated test incorporating both IGRA and TST to screen for LTBI. 2, 19 Thus, more aggressive screening is necessary to prevent reactivation of latent TB. However, the usefulness of the tests for LTBI should be validated, because active TB can develop in patients with negative LTBI test findings. Of the 2 patients diagnosed with active TB despite having completed latent TB treatments, 1 started anti-TNF treatment 11 days after beginning treatment for latent TB. Following LTBI diagnosis, the Korean guidelines for TB recommend initiation of anti-TNF therapy 3 weeks after prescription of anti-TB medications; however, they also mention that anti-TNF therapy may be started early in some cases. 2, 19 Our case followed this consideration rather than the standard recommendations, indicating the need for further study of these considerations. Keane et al. 23 reported a median interval of 3 months in 70
patients with active TB after the start of infliximab injections; 75% of the patients were diagnosed within 5.5 months. Similarly, 7 patients (70%) in our study were diagnosed with active TB within 6 months from the start of anti-TNF therapy. We did not know the exact reason for this discrepancy. However, one plausible explanation is that our study might have included mainly cases of LTBI reactivation, while the other Korean studies included more cases of de novo TB infection. Since South Korea is a moderate-risk country for TB, patients could be newly exposed to tubercular bacillus and thus became infected in the later periods. Collectively, the risk of TB development has to be considered in both the later as well as the early periods of anti-TNF therapy in patients with IBD. Only two of the TB cases in our study were affected in sites other than the lungs, a finding similar to the frequency of extra-pulmonary TB cases (20.0%) among all reported patients with TB in 2014. 25 Although direct comparison is difficult, as the total number of patients of our study was too small, the frequency of extra-pulmonary TB was much smaller than the 57%−75% reported in Western countries. 23, 26, 27 A recent Korean study with IBD patients also reported that the proportion of extra-pulmonary TB was 16% (4 of 25 cases). 15 However,
another Korean study suggested a high incidence of extrapulmonary TB of 81.3% (13 of 16 cases). 24 Although we also do not know the exact reasons for the different manifestation, this discrepancy might be due to differences in study populations, such as variations in the regional prevalence of LTBI. Further studies are needed to clarify the common involved site of TB and its association with anti-TNF therapy and prevalence of TB.
In conclusion, the development of active TB is not rare in IBD patients undergoing anti-TNF therapy, and de novo TB infections as well as the reactivation of latent TB can occur, especially in countries with a high prevalence of TB. In addition, active TB can develop even in patients who had received anti-TB treatments for previous active TB and who had taken anti-TB medications for LTBI. Physicians should thoroughly review patient histories, chest X-ray findings, and screen for LTBI before starting anti-TNF therapy, and should be aware of the potential for TB development throughout all periods of anti-TNF therapy.
